The chiral TTF-based donor molecule bis(2'-hydroxylpropylthio)(ethylenedithio)tetrathiafulvalene (BHPT-EDT-TTF) has produced enantiopure R,R and S,S radical-cation salts with polyiodide anions I3 -and I8 2-. Enantiomorphic 6:6 donor:I3 phases grown from either the R,R or S,S donor are semiconducting with similar activation energies of 0.24-0.30 eV and 0.22-0.23 eV respectively, and 10 contains three unique face-to-face donor pairs whose relative orientation is determined by side chain conformations and hydrogen bonding. Racemic material under the same conditions gave an insulating centrosymmetric phase with R,R and S,S donor cations in a face-to-face pair partnered with an octa-iodide dianion, and with a ca 3:1 disorder between the enantiomers. Enantiopure BHPT-EDT-TTF yielded two further insulating crystalline phases of composition 2:2 with triiodide and 2:1 with octa-iodide. 
Introduction
A great deal of research has been performed in the area of molecular organic conductors towards the combination of two different properties that may not be found together in the same 20 crystal lattice in nature. 1 Recently there has been increased interest in the search for the combination of conductivity and chirality to understand the observation of magnetochiral anisotropy as seen in carbon nanotubes. 2 In the tetrathiafulvalene-based radical cation salts chirality can be introduced via a chiral counter anion, an 25 included chiral solvent molecule, electrocrystallisation from a chiral solvent, or a chiral donor molecule. 3 Differences in the resistivities between the racemic and enantiopure form have been attributed to structural disorder in the racemate. Radical-cation salts have been synthesized from a variety of chiral 30 anions including [Cr(2,2'-bipy) ( arrangements and thus a variety of conducting properties. 5 When a enantiopure guest molecule such as (S)-sec-phenethyl alcohol is included a more prounced metal-insulator transition is observed than for the isostructural racemic analogue owing to disorder in the R/S salt. 6 Crystallisation from chiral solvents can also lead to salts 45 containing only a single enantiomer of the Cr(oxalate)3 anion through chiral induction. 7 Since the first enantiopure donor molecule was synthesised , (S,S,S,S)-tetramethyl-BEDT-TTF, 8 there are now many examples of enantiopure donor molecules based on TTF. Salts of oxazolines have shown effects of structural disorder upon the conducting properties. 9 Enantiopure radical-cation salts of (S,S)-and (R,R)-(DM-EDT-TTF)2ClO4 crystallise in space groups P6222 and P6422 and show metallic behavior down to 40K. The observation of electrical magneto-chiral anisotropy in these salts 55 confirms the chiral nature of charge transport. The DM-EDT-TTF donor has also produced racemic salts from PF6 which show metallike conductivity, whilst the enantiopure salts have a completely different packing arrangement and room temperature charge ordering and semiconducting behaviour are observed. 10 60 We have recently reported the synthesis of a novel enantiopure donor molecule which has the potential to form hydrogen bonds via its 2-hydroxypropylthio side chains. 11 Through electrocrystallisation with the anion BF4 -the enantiopure R,R or S,S salts were obtained which were both 1:1 semiconducting salts 65 with activation energies of 0.19-0.24 eV, whilst the racemate has a smaller activation energy of 0.15-0.17 eV. 12 This is in contrast to previous observations in TTF-oxazoline-PF6 and BEDT-TTF4[(NH4)Fe(oxalate)3].sec-phenethyl alcohol where the structural disorder had the effect of reducing the conductivity in 70 the racemate. 6, 9 We report here the synthesis of a series of radical-cation salts of enantiopure or racemic bis(2'-hydroxylpropylthio) (ethylenedithio)TTF (BHPT-EDT-TTF, Scheme 1) with polyiodide anions prepared by diffusion and electrocrystallisation 75 methods Experimental Donor synthesis: Enantiopure (S,S)-BHPT-EDT-TTF and (R,R)-BHPT-EDT-TTF were synthesized using the method described previously. 11 rac-BHPT-EDT-TTF was prepared by making a 50:50 mixture of (S,S)-BHPT-EDT-TTF and (R,R)-BHPT-EDT- 5 
TTF.
Single crystals of radical-cation salts were grown by slow diffusion or via electrocrystallisation in H-shaped cells as follows: Synthesis of (S,S)-1: 5 mg of (S,S)-BHPT-EDT-TTF was dissolved in 3 ml of dichloromethane in a test tube. On top of this 10 were added successive layers of 2 ml dichloromethane, 2 ml hexane, and 3 ml hexane containing 10 mg iodine. After several weeks, brown crystals were obtained as thin plates. Synthesis of (R,R)-1: Same as for (S,S)-1 but starting from (R,R)-BHPT-EDT-TTF to give brown plates.
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Synthesis of (S,S)-2: 120 mg of tetrabutylammonium triiodide dissolved in 20 ml tetrahydrofuran was added to the cathode side of a H-cell, and 10 mg of donor (S,S)-BHPT-EDT-TTF in tetrahydrofuran was added to the anode side. 0.1 μA were passed through platinum electrodes on which thick black plate crystals of 20 enantiopure (S,S)-2 grew over 3 weeks. Crystals of this phase were also grown by diffusion of iodine into 5 mg of (S,S)-BHPT-EDT-TTF dissolved in 3 ml of dichloromethane in a test tube. On top of this were added successive layers of 2 ml dichloromethane, 2 ml tetrahydrofuran, and 3 ml tetrahydrofuran containing 10 mg iodine. electrodes were cleaned by applying a voltage across the electrodes in 1 M H2SO4 in each direction resulting in the evolution of H2 and O2 at the electrodes. Finally the electrodes were washed in distilled water and thoroughly dried. The cells were fixed inside sand-filled compartments on a vibration-free table and kept at a 45 constant temperature of 293 K. Four-probe DC transport measurements were made on several crystals using a HUSO HECS 994C multi-channel conductometer. Gold wires (15 μm diameter) were attached to the crystal, and the attached wires were connected to an four-pin integrated circuit 50 plug with gold conductive cement. X-Ray single crystal diffraction measurements were performed on (S,S) salts using a Rigaku Mercury 2 CCD configured with Rigaku MicroMax-007HF generator and VariMax confocal mirror using MoKα radiation (λ = 0.71073 Å) at room temperature using the 55 CrystalClear program suite. 13 Structures were solved by direct methods and refined by full-matrix least squares techniques based on F 2 solved and refined with programs from the SHELX family of computer programs. 14 X-ray single crystal diffraction measurements were performed on 60 (R,R) and racemic salts using a Rigaku Oxford Diffraction Excalibur System equipped with a Sapphire detector at 150-155 K using the Crysalis software. 15 Structures were solved by direct methods (SHELXS-86 16 ) and refined by full-matrix least squares techniques based on F 2 using SHELXL-2014 14 and the 65 XSEED 17 interface. Molecular illustrations were prepared with Mercury. 18 Sample decomposition at the lowest laser power and exposure time precluded a Raman study of the charges on donor and iodide molecules. two enantiomers of the donor was used under any of these conditions, the racemic salt, (BHPT-EDT-TTF)2I8 (rac)-4, was always obtained which was composed of the two enantiomeric donor cations with the octaiodide dianion. This material was insulating, and the crystal structure has some resemblence to that 90 of S,S-3, but is not very closely related. The crystal structures of (R,R-1), (S,S-1), (S,S-2), (S,S-3) and (rac-4) were measured by X-ray crystallography (Table 1) .
Salt 1

95
The salts (S,S)-1 and (R,R)-1 contain a 1:1 ratio of donor cation to triiodide which crystallise in the triclinic crystal system, in space group P1, but with six crystallographically independent BHPT-EDT-TTF radical cations and six crystallographically independent triiodide anions ( Fig. 1) . The crystal of the R,R enantiomeric salt 100 was measured at 155 K and the crystal of the S,S enantiomeric salt was measured at 294 K; the former shows a slightly smaller unit cell (by ca. 3%). The structure of the R,R case will be discussed in detail (Fig. 2) . The six donor cations are organised into three pairs in which the 105 two organosulfur systems pack face-to-face with the donor cations oriented head-to-tail. The two organosulfur systems are offset from each other (cf. structures S,S-2 and S,S-3 and rac-4) with four short S···S contacts between the central four S atoms in the range 3.309-3.567 Å (Fig. 3) . The donor cations pairs will be referred to as 110 donors 1 and 2, donors 3 and 4 and donors 5 and 6. The three pairs lie side by side with their long molecular axes oriented in the same general direction, but the three pairs are not exactly parallel to each other. Throughout the crystal these donor cation pairs form layers approximately perpendicular to the long axis of the organosulfur 115 system, with the donor cations in each pair projecting their hydroxylated side chains to opposite faces of the layer. Thus hydrogen bonding is important in the interlayer interactions. -, AuI2 -) are inserted in the organic layer with unsymmetrical donor molecules packing in the tau phase. 20 The triiodides' I-I The donor cations are linked together by hydrogen bonds between 25 hydroxyl groups attached to the stereogenic centres, and eleven out of twelve of the hydroxyl groups are involved. The conformational freedom of the side chains allows considerable variation in their conformations, and it is not surprising that a rather irregular arrangement of cations and anions is possible. The conformations 30 of the two 2R-2-hydroxypropylthio side chains in each donor cation can be characterised by three torsion angles (Table S1) and there is considerable variety among the twelve side chain conformations. For donor cations 1 and 2 the pairs of side chains have broadly similar conformations with both lying well out of the 35 donor plane, one with an extended three carbon chain, while the other one is twisted about the central C-C bond so that the oxygen atom completes the extended chain. For both donor cations 3 and 4 one chain lies so that the methylene group lies close to the organosulfur plane and the chain is contacts in the range 3.03-3.17 Å. The crystal structure of the S,S salt is related to the R,R salt by inversion symmetry but differs in that one of the side-chains of donor 2 is disordered 44:56 between two conformations in the room temperature structure of the S,S salt. 5 Resistivity measurements were performed on four crystals of (S,S)-1 and two crystals of (R,R)-1 (Table 2) 4 Ω.cm for (R,R)-1 (Fig. 4) . Table 2 . E a and room temperature resistivity values for crystals of (S,S)-1 and (R,R)-1.
Salt (S,S)-2
Salt (S,S)-2 is a 1:1 salt having the formula (S,S-BHPT-EDT-TTF)I3 and crystallising in the triclinic crystal system in the space group P1. The unit cell contains two crystallographically independent BHPT-EDT-TTF molecules and two triiodide anions 20 ( Fig. 4) . The donor cations form face-to-face dimers, oriented head-to-tail, with the central four TTF sulfur atoms lying opposite each other with four short S…S contacts between them (3.32(1)-3.39(1) Å) (Fig. 5) . Neighbouring donor cation pairs stack face-toface in the b direction and side-to-side in the a direction, but in 25 both cases they are separated by a triiodide anion and so have no short S…S contacts between them (Fig. 6 ). These two triiodides lie almost perpendicular to each other and parallel to the organosulfur plane of the donor cations (Fig. 7) . The two triiodide anions are asymmetric and have a range of I-I bond lengths (2.865(1)- The side chains show a range of conformations but are all directed away from the donor cation pair (Table S2 ). The side chains of one donor cation form an intramolecular hydrogen bond between hydroxyl groups, while molecules of the other donor cation are linked by intermolecular hydrogen bonding along the a axis, There 40 is an additional hydrogen bond between hydroxyl groups linking the two independent donors together along the c axis.
Resistivity of single crystals at room temperature showed insulating behaviour too high for measurement.
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Salt (S,S)-3 Salt (S,S)-3 has the formula (S,S-BHPT-EDT-TTF)2I8
and crystallises in the triclinic crystal system in the space group P1. The unit cell consists of two crystallographically independent BHPT-EDT-TTF molecules and one I8 2-anion (Fig. 8) . The two 50 donor cations form a face to face donor pair and are oriented headto-tail (Fig. 9) . The planar Z-shaped anions lie between the donor cation pairs with the central two iodine atoms lying between the chiral side chains (Figs. 10 and 11 polyiodides show sensitivity to the size and shape of the counter cation, with larger polyiodides preferring larger counter cations. 23 Typically the octaiodide dianion is planar, linear at most iodines but with angles of ca 90 o at the third and sixth iodine atoms. In the case of S,S-3 these two angles are larger but this is not unknown.
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The two donor cations pack together in a face-to-face to pair, oriented head-to-tail, and the organosulfur cores lie directly opposite of each other, with short S···S contacts between them for the central four S atoms (3.317(13)-3.512(13) Å) and one further short contact (3.592(15) Å) between two peripheral sulfur atoms. 80 For both donor cations one side chain lies in the organosulfur plane with an extended carbon chain conformation, while the second side chain, while retaining the extended conformation, is rotated far out of the molecular plane, and by quite differing amounts for the two donor cations (torsions: S5-C7-S7-C9: 57.8 o ; S13-C21-85 S15-C23: 96.9 o ) (Table S3 ). There are just two short S···S contacts between donor cation pairs; these are between dithiin sulfur atoms at the unsubstituted ends of non-equivalent molecules (3.615(11) and 3.651(11) Å), with other sulfurs lying close to side chains or the polyiodide anion (Fig. 10) 
rac-4
The crystal structure of the racemate salt is triclinic in space group P-1 and the unit cell contains the two enantiomers of the cation of (BHPT-EDT-TTF) along with the octaiodide dianion, though the 5 relative orientation of cation and anion are different to that observed in S,S-3. The enantiomerically related cations lie face-toface, organised head-to-tail, with the TTF units directly opposite each other with four short S•••S contacts (3.302(3) and 3.491(3) Å. R,R and S,S enantiomers belonging to different radical cation pairs 10 are linked by a hydrogen bond through the hydroxyl groups (ESI: Fig. S2 ). There is a ca 3:1 disorder between the enantiomers of the donor cation, though most atoms coincide with only the stereogenic centre and the hydroxyl group being modelled with two positions. The side chains take quite different conformations, 15 the methylene group of one lies close to the donor plane, but for the other one it is strongly displaced from it (Table S4 ). The octaiodide dianion sits on a centre of symmetry so that only half the species in crystallographically unique. Its geometry differs from that observed in S,S-3 in that the angle at the fourth and fifth 20 iodines is much smaller (84.23(2) cf. 127.55 (12) and 128.51 (11) o ) ( Table 3 ). There are three short I•••S contacts between cation and anion in the range 3.587-3.739 Å. Resistivity of single crystals at room temperature showed insulating behaviour too high for measurement.
25 Table 3 Bond lengths (Å) and angles (°) in the octa-iodides of S,S-3 and rac-4. 
Conclusions
We report the first salts of each enantiomer of BHPT-EDT-TTF 50 with triiodide and octaiodide. Both the R,R and S,S enantiomers of this donor give semiconducting 6:6 salts with triiodide, as well as an insulating 1:1 phase and a rare organosulfur donor salt with the I8 2-dianion. Isostructural salts are not obtained when using the racemic donor which instead produces a 2:1 salt with the I8 2-55 dianion whose crystal structure, although of the same composition, is not very closely related to the enantiopure octa-iodide salt. The semiconducting salts have complex crystal structures due to the conformationable flexibility of the side chains and hydrogen bonding between them, in contrast to earlier examples of 60 enantiopure/racemate salts where the side chain could not make such strong attractions. The semiconducting salt has short S…S contacts between dimers whilst the insulating salts have none owing to their segregation by iodide anions. In contrast to salts with BEDT-TTF, this series of salts have all 65 involved radical cations of the donor, and no mixed valence salts. We are exploring the range of salts which can be made from this chiral donor with anions of other shapes, where hydrogen bonding to the anion may be as important as to other donors, in contrast to these polyiodide salts where the hydrogen bonding mainly 70 involves just the donors. 
